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were particularly variable among typists. Two typists showed large
differences in 2-finger digraph latencies, but similar overall typing
speeds. Finger movement trajectories, determined from analysis of
videotapes of these typists, indicated that the differences in 2-finger
digraph latencies correspond to differences in the Independence of
within-hand finger movements. A high-speed film of one typist showed
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demonstrate the importance of considering individual differences in con-
structing a theory of skilled human performance, even in a highly
automatized task such as transcription typing.

5
UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS P AGE(Whon Data Enterod)



Skilled Finger Movements in Typing

Donald R. Gentner
Center for Human Information Processing
University of California, San Diego

Rapid, precise, malleable motor activity as demonstrated in speechand manual tasks is an important human characteristic. Because it is anextremely rapid skill and has a well defined output, typewriting hasbeen the subject of speculation and some investigation (Lashley, 1959;Shaffer, 1973; Sternberg, Monsell, Knoll, & Wright, 1973; Terzuolo &Viviani, 1980). Typing has typically been thought of as a sequential,
automatic process, and the corresponding models of performance involve aseries of motor commands, often one for each letter, which are placed ina buffer and then sequentially executed. These models have been basedprimarily on records of the inter-keypress latencies (Sternberg et al.,1973; Shaffer, 1976).

This paper presents several studies of the transcription of normalEnglish prose by expert typists. In addition to collecting inter-keypress latencies, high-speed film and videotapes were analyzed todetermine the actual finger movements used by skilled typists.

Inter-Keypress Latencies

Although the keypresses of skilled typists are remarkably rapid andregular, there is still considerable variation in the inter-keypresslatencies. The primary determinant of the inter-keypress latency fortyping a given letter is the previously typed letter. This sectionexamines the systematic variation in inter-keypress
latencies as a func-tion of the previous letter: the digraph latencies.

Eileen Conway assisted with the experimental studies and data analysisreported here. Jonathan Grudin collaborated in the high-speed filmstudy and was a participant in many helpful discussions. The simulationmodel of typing was developed by David E. Rumelhart. I thank Donald A.Norman for his insightful comments on the manuscript.

This research was supported by the Office of Naval Research, Per-sonnel and Training Research Programs and the Air Force Office of Scien-tific Research, and was monitored by ONR under Contract N00014-79-C-0323, NR 157-437.

Requests for reprints should be sent to Donald R. Gentner; Centerfor Human Information Processing, C-009; University of California, SanDiego; La Jolla, California, 92093, USA.
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Six professional typists transcribed normal English prose, typing
on a high-quality electronic keyboard (Microswitch model 51SD12-4) with
"tactile feel" and a keyboard layout identical to that of the normal IBM
Selectric typewriter. All typists frequently typed on a Selectric type-
writer. The typed letters were displayed on a CRT in front of the typ-
ist.

The text was adapted from a Reader's Digest article on diets
(Bayrd, 1979); it will be referred to as the "diet text." The text was
approximately 12,000 characters long and was presented as double-spaced,
typewritten copy. After a 10 minute warmup with another text, the typ-
ists were asked to type the diet text at their normal, rapid rate,
without correcting errors.

Keypresses and the corresponding times were recorded by a microcom-
puter. The typists' hands were videotaped during the experimental ses-
sion. Analysis of the videotapes is reported later in this paper.

Digraph Latencies

The digraphs can be divided into three groups: 1-finger digraphs
such as de, where two successive letters are typed by the same finger
and there is no possibility of overlapping the movements to strike tne
first and second keys; 2-finger digraphs such as re, that involve move-
ments by two fingers on the same hand; and 2-hand digraphs such as le,
that involve movements on two different hands. Table 1 gives the median
latencies of 1-finger, 2-finger, and 2-hand digraphs for the six typ-
ists. For every typist, 1-finger digraphs were typed slowest, 2-finger
digraphs were intermediate, and 2-hand digraphs were typed fastest. As
shown by the standard deviations in Table 1, latencies for 2-finger
digraphs were most variable among typists. This finding is in accord
with a study of individual differences in keystroke timing (Gaines,
Lisowski, Press, & Shapiro, 1980) reporting that people were best dif-
ferentiated by the digraphs in, io, no, on, and ul, all 2-finger
digraphs. The typists also differ significantly when the latency for
2-finger digraphs is compared to the latencies for 1-finger and 2-hand
digraphs. 7:f the difference between 1-finger and 2-hand latencies is
taken to represent 100% of the savings resulting from the possibility of
overlapping movements, the percent of savings seen ta the 2-finger
latencies ranges from 28% for typist 3 and 30% for typist 5 to 90% for
typist 1 and 97% for typist 6. Because typist 3 and typist 6 represent
the extremes in the amount of savings for 2-finger digraphs but had
similar overall typing rates (76 words/min for typist 3 and 82 words/min
for typist 6), I will concentrate the remaining analysis on these two
typists. On most measures, the other typists show intermediate perfor-
mance.
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Table 1

Letter-Letter Digraphs

Typist

Median Latency (msec)

Overall 1-finger 2-finger 2-hand Savingsa

1 114 180 103 94 90%
2 160 225 176 132 52%
3 128 164 147 103 28%
4 135 167 132 115 67%
5 181 209 190 145 30%
6 129 176 119 117 97%

s.d. 24.7 24.6 33.5 18.6

a
savings - 1-finaer 1a envy - 2-finger latency

1-finger latency - 2-hand latency

8
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The differences in median latencies of the digraph types are
reflected in the distributions of individual latencies. The distribu-
tions of digraph latencies for typist 3 and typist 6 are shown in Fig-
ures 1 mid 2. For typist 3, the 2-finger digraphs were most similar to
the 1-finger digraphs. Typist 6 shows a completely different pattern;
the 2-finger digraphs were almost identical to 2-hand digraphs. Figure
3 presents a more detailed comparison of the 77 highest frequency
digraphs for typists 3 and 6. Typist 3 was faster on 1-finger and 2-
hand digraphs and typist 6 was faster on 2-finger digraphs.

Comparison with Simulation Model

Rumelhart and Norman (1981) have developed a computer model of a

typist that simulates the finger movements during typing. In the simu-
lation model several letters in the text and their corresponCing fingers
are simultaneously activated. Depending on the geometry of the keyboard
and the physical constraints of the fingers and hands, the movement to
type one letter may be aided or hindered by movements to type other
letters. The inter-keypress latencies are determined by the resolution
of these interactions. Figure 4 compares the digraph latencies produced
by the simulation model with the average digraph latencies for all six
typists. Although the correspondence between the simulation model and
typists is fairly good (correlation coefficient = 0.78), a major
discrepancy stands out. The typists have a wide range of latencies for
2-finger digraphs, but the simulation model types all 2-finger digraphs
at essentially the same rate. The basis for this variation in digraph
latencies on the part of our typists is not clear at this point,
although the simulation results indicate that a simple competition
between letters to be typed is not sufficient.

Comparison of Finger Movements for Typists 3 and 6

All six typists were faster when typing 2-hand digraphs than when
typing 1-finger digraphs. Because there is no possibility of overlap-
ping the successive keystrokes in 1-finger digraphs and because typists
have been observed to overlap keystrokes with 2-hand digraphs (Olsen &
Murray, 1976; Gentner, Grudin, & Conway, 1980), the shorter latency of
2-hand digraphs has been attributed to overlapped movements. This per-
spective suggests that the variation in relative latency of 2-finger
digraphs could be caused by a variation in different typists' ability to
overlap movements within a hand. To examine this hypothesis, I compared
keystrokes of typists 3 and 6 for 2-finger digraphs with their keys-
trokes for 2-hand digraphs.

Method

While the typists were transcribing the diet text in the previous
experiment, their finger movements were recorded on videotape using a
Sony RSC 1050 Rotary Shutter Camera. A mirror mounted at the top of
the keyboard at a 45-degree angle allowed simultaneous recording of two
views of the typist's fingers (normal and parallel to the plane of the
keyboard). The video fields, recorded every 16.7 msec, were serially

9
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'1 finger digraphs

----- 2 finger digraphs
2 hand digraphs

50 100 150 200 250 300 350 400

Digraph Latency (msec)

Figure 1. The distributions of all lower case letterletter digraph
lat &ncies for typist 3. The latencies for 1finger digraphs (n = 669,median = 164 msec) were generally longer than for 2hand digraphs (n =
3926, median = 103). The latency distribution for 2finger digraphs (n3029, median = 147) was most similar to that for 1finger digraphs.
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Figure 2. The distributions of all lower case letterletter digraph
latencies for typist 6. The latencies for 1finger digraphs (n = 668,
median = 176 msec) were generally longer than for 2hand digraphs (n =

3875, median = 117). In contrast to typist 3, however, the latency dis
tribution for 2finger digraphs (n = 2960, median = 119) was almost
identical to that for 2hand digraphs.
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Figure 3. Comparison of the median latencies of the 77 highest fre-
quency digraphs for typists 3 and 6. Digraphs plotted below the diago-nal line were typed faster by typist 3, while those above the diagonal
were typed faster by typist 6. Although typist 3 was faster with 1-finger and 2-hand digraphs, typist 6 was faster with 2-finger digraphs.
Their overall typing rates were similar.
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7igure 4. Comparison of digraph latencies produced by a computer
simulation model of a typist and the average of the median digraph la
tencies of six skilled typists. The latencies for the simulation are

plotted in arbitrary time units.
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numbered with an electronic video counter enabling them to be individu-
ally analyzed, field-by-field, with a Sony SVM 1010 Video Motion
Analyzer. Finger coordinates were digitized from a video monitor with
the aid of a light pen. These coordinates were used to calculate the
successive positions of the fingertip in 3-dimensional space.

Four digraphs were selected for detailed analysis. Examples were
chosen to contrast 2-finger and 2-hand digraphs in identical contexts.
For example, the finger trajectories while typing in in things (a 2-
finger digraph) were compared with the trajectories while typing en in
calisthenics (a 2-hand digraph). The observed latencies for the exam-ples chosen were within seven msec of the median latency for thatdigraph and typist.

Finger Trajectories

Table 2 summarizes the results of the videotape analysis comparing
the digraphs en and in. Note that the finger of typist 3 traveled
further than the finger of typist 6 between the time the e and n were
struck, but this was more than compensated for by the higher speed of
typist 3. The difference in path lengths was even greater with the
digraph in, but the 'ratio of speeds did not change and the net effect is
that typist 3 had a longer latency than typist 6 for the 2-finger
digraph.

Typical trajectories are shown in Figure 5 for the sequences hen
and hin. The critical difference between the two typists was in the
independence of their finger movements. Consider the two sequences hen
and hin. The h and n are both typed with the right index finger (h is
on the home row, n is on the bottom row); e is typed by the left hand; i
is typed by the right middle finger on the top row. When typing hen
both typists struck the h on the home row with their right index finger
and then moved that same finger down to the lower row to type the n
while the e was being struck by the other hand. When typist 3 typed
hin, however, the right index finger moved up towards the top row along
with the right middle finger, while the middle finger struck the i key.
Typist 6 was quite different, in that the index finger hardly moved
while the middle finger pressed the i on the top row. This contrast was
observed in all cases of en and in digraphs that were analyzed. Thus
typist 3 coupled the finger movements within a hand, whereas typist 6
kept them relatively independent.

On the basis of this analysis one would expect that typist 3 would
not be at a disadvantage when typing 2-finger digraphs such as te, in
which both letters occur on the same row. Table 3 compares the trajec-
tories of the left middle finger while typing the digraphs le and te.
The major factor related to the longer latencies of typist 3 when typing
te was the slow speed of the index finger (45 cm/sec with le versus 70
cm/sec with te). This somewhat puzzling result becomes clear upon exa-
mining the typical trajectories shown in Figure 6, which compares the
trajectories of the left middle finger while typing the sequences roble
and e te.

14
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Table 2

Comparison of typical typings of en and in

Typist 3 Typist 6

Context
Latency
(msec)

Path
Length

(cm)

Average
Speed

(cm/sec)

Path
Latency Length
(msec) (cm)

Average
Speed

(cm/sec)

Path
Length

Ratio

Interval between striking e and n

calisthenics 106 5.4 51 117 4.1 35 1.3
arguments 96 4.9 51 124 3.4 28 1.4
most beneficial 98 3.9 40 116 2.1 18 1.8
deterrent 108 4.4 41 121 2.5 20 1.8
your entire 101 4.4 44 121 2.8 23 1.6

--- --- --- ___ -- - --
Average 102 4.6 45 120 3.0 25 1.6
Overalla 102 121

Interval between striking i and n

thing 145 6.5 45 109 3.3 30 2.0
things 146 6.6 45 107 3.4 32 1.9
lengthening 148 8.4 57 112 2.7 24 3.1
taking 146 7.5 52 110 3.7 34 2.0
contains 149 9.3 62 113 3.7 33 2.5
but inefficient 152 7.9 52 116 3.4 29 2.3

Average 148 7.7 52 111 3.4 30 2.3
Overalla 148 112

a
Median latency for this digraph for entire session.
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Figure 5. Trajectories of the right index fingertip while typing
hen (a) in the word calisthenics and hin (b) in the word things. The
successive points along the paths are 16.7 msec apart. The letters next
to some points indicate when the corresponding key was pressed. In the
sequence hen, the right index finger presses the h on the home row and
then.moves down to press the n on the bottom while the e is typed by the
left hand. Although typist 3's fingertip traveled a longer path, its
speed was greater and the latency for the 2-hand digraph en was shorter
than for typist 6. When typist 3 typed hin, however, the right index
finger moved up toward the top row along with the right middle finger.
while the middle finger struck the i key. Typist 6 was quite different,
in that the index finger hardly moved while the middle finger pressed
the i on the top row. For typist 3, the coupled movements of the
fingers on the left hand resulted in a much longer path length which was
not fully compensated for by typist 3's higher finger speed. Thus typ-
ist 3 had a longer latency than typist 6 for the 2-finger digraph in.
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Table 3

Comparison of typical typings of le and to

Typist 3 Typist 6

Context
Latency
(msec)

Path
Length
(an)

Average
Speed

(cm/sec)

Path
Latency Length
(msec) (cm)

Average
Speed

(cm/sec)

Path

Length
Ratio

Interval between striking 1 and e

clearly 116 9.5 82 102 4.2 41 2.3
vegetables 112 7.4 66 113 3.2 28 2.3
detailed 109 6.1 56 116 2.5 22 2.4
problems. 106 9.6 91 111 1.5 13 6.4
motionless 110 6.3 57 110 2.6 24 2.4

--- -_- -- --- -__ -- - --
Average 111 7.8 70 110 2.8 26 3.2
Overalla 110 109

Interval between striking t and e

counter,

the tempting
170

165

8.9
6.6

53
40

122

117

3.0

2.5
24

22
3.0
2.6

plate,

plate.
164

171

6.6

8.0

40

47
124

118

2.3
2.0

19

17

2.9
4.0

weight steadily 171 7.3 43 121 2.2 18 3.3
--- -- -_- --- -- - --

Average 164 7.5 45 120 2.4 19 3.2
Overalla 169 122

a
Median latency for this digraph for entire session.
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Figure 6. Trajectories of the left middle fingertip while typing
roble (a) in the word problems and e te (b) in the words the tempting.
The successive points along the paths are 16.7 msec apart. The letters
next to some points indicate when the corresponding key was pressed. As
in Figure 5, the striking difference was that typist 3's finger move-
ments within a hand were strongly coupled, but typist 6's movements were
not. Typist 3's middle finger made large vertical and horizontal move-
ments as the r, b, and t keys were struck by the index finger. Although
typist 3's middle finger moved to the bottom row while b was typed, it
was moving back to the top row at full speed while 1 was typed by the
right hand and the le latency was similar to that for typist 6. In the
sequence e te, however, typist 3's middle finger moved down and up as
the index finger struck the t and the much longer path length led to a
longer latency for the 2-finger digraph te than for typist 6.
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In the sequence roble the left index finger typed the r on the top
row, the b or the bottom row, and finally the e is typed on the top row
by the left middle finger. The o and 1 are typed by the right hand.
Note that typist 3's left middle finger moved in conjunction with the
movements of the index finger on the left hand, moving all the way to
the bottom row when the index finger typed the b. The le latency was
still short, however, since the middle finger was already moving rapidly
towards the e key while the 1 was being typed by the other hand. The
performance of typist 6 provides a striking contrast: the middle finger
never left the top row while the b was typed.

Although typist 3 did not suffer a latency penalty from the lack of
independent movement while typing le, that was not the case for the 2-
finger digraph te. In the sequence e te the left middle finger types
the e on the top row, the space bar is pressed by the right thumb, then
the left index finger types the t on the top row, and finally the left
middle finger types the second e. Notice in Figure 6 how typist 3's
middle finger moved down to the keyboard as the t was struck by the left
index finger. The middle finger then moved up before moving down again
to strike the e. In contrast, the middle finger of typist 6 was poised
at the top of its arc as the t was struck, and only a short movement was
required to strike the e (2.5 cm for typist 6 versus 6.6 cm for typist
3)

It should be noted that typist 3 was faster than typist 6 for some
2-finger digraphs that occur on the same row, such as er and ou. In
those cases, typist 3 combined the two keystrokes effectively and typed
the two letters with a rolling motion of the hand.

Relative Amounts of Hand and Finger Movement

An important correlate of the observed differences between typists
3 and 6 was their different proportions of hand and finger movement in
typing. The quantitative measures of finger movement reported above
describe the movement of the fingertip relative to the keyboard. This
movement can be decomposed into a movement of the hand relative to the
keyboard and a movement of the fingertip relative to the hand. Compar-
ing the movements in this way for the sequence hin in the word things
showed significant differences between the two typists. For these meas-
urements, the hand position was measured at the point where the right
index finger joins the palm (the metacarpophalangeal joint). The posi-
tion of the fingertip was then measured relative to that point on the
hand.

When typist 3 typed the sequence hin, the ratio of finger movement
to hand movement was 1.2. The corresponding ratio for typist 6 was 1.8.
This contrast was even more striking if we examine the component of the
movement in the Y direction (parallel to the keyboard, toward the top or
bottom row). Here the ratio of typist 3's hand to finger movement sits

1.0, while the ratio for typist 6 was 2.9.
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Starting and Ending Times of Finger Movements

For a more detailed examination of the typing process, Grudin, Con-
% way, and I made a high speed motion picture of typist 6 (see Gentner et

al., 1980 for a more detailed presentation). The film has the advantage
of greater temporal and spatial resolution than video. The emphasis in
this analysis is on when each finger starts its movements.

Method

The data reported here are based on a high-speed (100 frames per
second) 16mm film of typist 6. The typist transcribed English sentences
on the typewriter-like keyboard of a Hazeltine 1500 computer terminal at
approximately 90 words/minute. A mirror placed at an angle at the top
of the keyboard allowed a second view of the hands to be recorded simul-
taneously. During the filming, the keypresses and inter-keypress laten-
cies were recorded by the computer.

The film covers 310 keystrokes (about 40 seconds of typing).
Because we were primarily interested in the possibility of overlapping
keystrokes, this analysis does not include keystrokes where successive
keys were typed by the same finger, since the finger movements were
necessarily sequential; in addition, the initiation of a movement toward
a home row key is ambiguous, as it may simply be a return of the finger
to a home position. Therefore, the analysis was restricted to the 147
keystrokes for letters on the upper or lower rows of the keyboard, where
the previous keystroke was not made by the same finger.

For each of these keystrokes, the starting and ending times of the
keystroke were determined. The time of the keypress, as recorded by the
computer, was taken as the ending time of the movement. To determine
the starting time of the keystroke, two judges viewed the film frame-
by-frame on a film editor. The starting time of the keystroke was
determined as the time when the finger started a smooth movement toward
the key that terminated in the keypress. In almost all cases, the
judges were able to agree on the starting time of the finger movement.
When there was disagreement, the later starting time was used. In two
cases, the finger moved toward the key, paused, and then struck the Key;
the initial starting times were used in these cases. The determination
of starting times was greatly aided by the mirror which provided a
second view of the fingers in the same frame. This study was actually
completed before the videotape study of all six typists reported earlier
in this paper. In retrospect it seems that the small hand movements and
relatively large independent finger movements of typist 6 made the
determination of finger starting times much easier than it would have
been for the other typists.

Overlapped Finger Movements
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Of the cases studied (keypresses on the upper or lower rows when
overlapped movements were possible), 96% of the finger movements were
initiated before the previous key was pressed. The mean time for a com-
plete finger movement was 261 msec, while the mean inter-keypress
latency was 124 msec. Thus two or three fingers were often in motion
simultaneously. Overlapped movements were frequent for both 2-hand
digraphs (97% of the time) and 2-finger digraphs (91% of the time).
Based on the studies of other typists rIported earlier in this paper,
however, typist 6 may represent an extreme in ability to overlap
within-hand movements.

Variability of Starting and Ending Times

If the starting time and ending time of a keystroke are measured
relative to the end of the previous keystroke (the keypress), the varia-
bility of the starting and ending times can be determined. The starting
times of finger movements (standard deviation = 103 msec) were more
variable than the ending times (standard deviation = 26 msec). This
difference in variability remains even if the context provided by the
neighboring letters is controlled. The film included two sentences
which were typed twice. Comparing corresponding letters in the repeated
sentences, the average difference in starting times was 78 msec, but the
average difference in eliding times 1.4,1 only 16 msec.

Figure 7 shows the timing of keystrokes for two typings of the
phrase an epic. Contrast the irregularity of the initiations of finger
movements with the regularity of the keypresses. Also note that keys-
trokes were sometimes initiated in an order different from the final
keypresses. Overall, of the 103 cases where starting times had been
determined for successive keystrokes, 21% of the movements were ini-
tiated out of order (although the movements always ended with keypresses
in the correct order). This happened for sequences of letters occurring
both across hands (24% of tne time) an? within hands (13% of the time) .

There were several cases where the fingef movements were initiated out
of order by 150 msec or more. One case of out-of-order initiation,
shown in the top portion of Figure 7, extended over two words: in the
sequence an epic, the movement to type the e was initiated before the
movement to type the n.

Overall, comparing corresponding letters in the repeated sentences,
earlier starting times for a movement were not correlated with shorter
inter-keypress latencies (r = 0.05). An analysis of corresponding keys-
trokes in the repeated sentences showed that there can be significant
variation in the fingor's position at the start of the keystroke. In
particular, keystrokes that start with the finger closer to the target
key were initiated later than keystrokes starting farther away.

21
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Figure 7. Relative timing of keystrokes for the phrase "... an epic
tal lines represent the initiation time of the keystrokes, and the right
ends of the lines represent the time of the keypresses. Initiation
times were not measured for the letter a and the space bar; this is in
dicated by the dashed lines to the left of the keypress times. Note
that successive keypresses were more regularly timed than the
corresponding initiations. In two cases, although the keys were pressed
in the proper order, the keystrokes were initiated out of order: in the
first sentence the e keystroke was initiated before that of n in the
previous word; in the second sentence the keystrokes for the word epic
were initiated in the order i, e, I, C. (From Gentner, & Con
way, 1980.)
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The inter-keypress latencies of skilled typists when transcribing
normal prose were dependent on the digraphs being typed. In general,
1-finger digraphs (such as de, typed by a single finger) were slowest,
2-finger digraphs (such as fe, typed by two fingers on the same hand)
were intermediate, and 2-hand digraphs (such as le, typed by fingers on
different hands) were fastest. The latencies for 2-finger digraphs we'e
the most variable among typists. For some typists they were like the
rapid 2-hand digraphs; for other typists they were like the slow 1-
finger digraphs; for the remaining typists, 2-finger digraphs were
intermediate in speed. These differences were not always related to
overall typing speed. Typists 3 and 6 had the slowest and fastest rela-
tive latencies for 2-finger digraphs, but similar overall typing rates.

Analysis of videotapes showed that typist 3 had longer movement
trajectories than typist 6, but Lare than compensated for the longer
path by higher finger velocities. When typing 2-finger digraphs, how-
ever, typist 3 tended to move all the fingers of a hand in concert,
whereas typist 6's fingers moved independently. These independent

within-hand movements of typist 6 were associated with shorter latencies
for 2-finger digraphs.

Typist 6's finger movements were studied further in a high speed
film. Finger movements for successive keypresses overlapped in 96% of
the cases where overlap was possible. The timing of the keypresses (the
end of the movement) was more regular than the starting times of finger
movements, suggesting that the completion of the movement is being con-
trolled rather than its initiation. This was true eve. 'hen the context
was controlled by repeated typing of the same sentence.

These results are in general accord with a computer simulation
model of a typist based on distributed control and an interactive relax-
ation mechanism. To a first approximation, inter-keypress latencies in
typing appear to be determined by the geometry of the keyboard and the
physical constraints of the hands. There are important individual
differences, however, which are not accounted for by these general fac-
tors.

There is more than one way to be a skilled typist. Skilled typists
show patterns of behavior which were consistent across context and
across time, but there were significant differences among typists. Stu
dies of cognitive and motor skills which average across subjects run the
risk of obscuring important features of performance.

23



Gentner Skilled Finger Movements
July 22- 1981 19

References

Bayrd, E. The master diet plan--it works! Reader's Digest, March 1979,
163-170.

Gaines, R. S., Lisowski, W., Press, S. J., & Shapiro, N. Authentication
by keystroke timing: Some preliminary results (Tech. Rep. R -2526-
NSF). Santa Monica, CA: Rand Corporation, May 1980.

Gentner, D. R., Grudin, J., & Conway, E. Finger movements in transcrip-
tion typing (Tech. Sept. 8001). La Jolla, Calif.: University of Cal-
ifornia, San Diego, Center for Human Information Processing, 1980.

Lashley, K. S. The problem of serial order in behavior. In L. A. Jef-
fress (Ed.), Cerebral mechanisms in behavior. New York: Wiley, 1951.

Olsen, R. A., & Murray, R. A., III. Finger motion in typing of texts of
varying complexity. Proceedings, 6th Congress of the International
Ergonomics Association, July, 1976, 446-450.

Rumelhart, D. E., & Norman, D. A. Simulating a skilled typist: A study
of skilled cognitive-motor performance (Tech. Rep. 8102, CHIP 102).
La Jolla, Calif.: University of California, San Diego, Center for
Human Information Processing, 1981.

Shaffer, L. H. Latency mechanisms in transcription. In S. Kornblum
(Ed.), Attention and Performance IV. New York: Acedemic Press, 1973.

Shaffer, L. H. Intention and Performance. Psychological Review, 1976,
83, 375-393.

Sternberg, S., Monsell, S., Knoll, R. L., & Wright, C. E. The latency
and duration of rapid movement sequences: Comparisons of speech and
typewriting. In G. E. Stelmach (Ed.), Information processing in
motor control and learning. New York: Academic Press, 1978.

Terzuolo, C. A., & Viviani, P. Determinants and characteristics of
motor patterns (mei for typing. Neuroscience, 1980, 5, 1085-1103.



I.., I N. Inl 7. 7ltl4.
N. ..,, InI..,. a3Ii I-, a 14.1..,.o..i.1.fllp.l l.lIIl.U.in'.I Mt.,. 2*n.- C.,.. - Al).,. 'I MIII-- I,.I ln.tib 84l,II.lb1..a. a Iflil I U. flAl* C. PlI. 1.1. II. (31.11
08 II... n1. 1.14411.1 ..4 I,IlI.l b...flI 314.- 14,1...... MIl III,.
N4.) 4llt 44.t.4 5.440
I., 311t. CA III))

..l t..l40 3133,.) bs.til UI.
7% 11405

N. I4III ItiA. I 1.4.' I. IflI4.. 11.5
(. 147,, C... 443

4,e.o,. fl 131(1
-'
......i.. 7% '3)05

31..g a 311 N..I 141 T..,.. I 5,. ,tl 144*I.4
U. all,. ,.Il.,lI. 11.1 S I.I..1, In.. 14 14$.,... 1.4......,

'In. 7..,,.. N.I.. 1.01 4...111 - YI.Ifl.l
4.4. 5,)hIlls MI. £1 OilS 4*4. ?.11...I.. It 131(4

N. 314 7.4.11,1 I -. 1.4144111.,,. II Ill5.7 h,1 NI (.l.t
11143. CA 51(11

.,.,n, I.l...... I... Nt4..n...
u.S. ..I alt In. C...tt

N. ?.tI 1 U.... a 31

31.774.4.0133141..,., I N. S..... C. 0.1,4
I.. Still. CA .5341 all, II I4lt .1 $1.14 ,1l1

N. 41.1.5 CII,............... - 5,444?
.......,.. .5 35)13

C... IC)) I 5,. £1l.S 7. IllS.$1.7 NM.I....
*441114... 1331)12 I7II, I S444..liI 5114$Il_I
N. 31.178. 15111 4:' t '3.,C..... In klr,.III. h.....Ifl. 1.15)
0.114141,7 41 C4Il.tll. U. N.. I It. 14,1.41 III.,..,
I. 4.0.. CA 12*1) t..p In.....l NI Inn
1? 1140154 Ntti.. I.. 5lfl. CA *4443
In. 3131
$1.41 £fl IIIII4.4 '

, .

..i..,n. 1s,I,..S. 11*14 Nfl. *4 4_Is. 14(4.04
..n3 I..4ItSU 101.1

N. 314.1.1 8. 31I li...,. CA 13444

74714.3451 1.14.) N....n I St. 5.1.,, $154.)44.4.4*11 I IA. 3111. III) 4.aso,.,., a p,a...,sI *nI..n. t4.l h,,..1.l 810 (.445,II. .,1
..t184. 31 11101

1.4 51. CA 111)3

N. U.fl Sl.b,.,I ' Il"'- 71.11.4 8.SI....I.. .';. 4. I.q htl.I N...t.I 4.0141111.4 Ccli) S...l.....4 1444.,$1.11 AAt N4.1I,. Cl45l
451.1..... 11 IMPS 44. Inp. CA *1343

St. is. ..1II
01t

1.44 In I 1.41.1.11 31.4.14.
I7 PStl.lt.I III (4.451
1.. Il.. CA 54411

545. l44 4.4t,I 50111.45 In 11
N(e,n') 444 50111 1411.1..

I (18 (-tIll 4. $10.1..
l.,.l Al. 1.11... 44_elI 12

1141 Il...C.t 4.
£lfllInIl. 4. III))

*54.4417 I -. 3. 1.110
I... so.t...0
.4.4I%.-. 31 24)11 1*. Nn.,...4 a II. An?

3111.304

I (38 l.A., S. 11*uilll.. 31 3(5(0

31.4. .74.1.,..... MIt.. I N. ll.,.I.. S. Iltt
1.44 l.11441 tb4I,l 0.141111 UI
50 1507

1.5. £14131440111 1.441,41.
1405 I4...0...t Li..

.4, CVll44. U (III &11..d,I.. IS 115))

N. (.5. 5. 8... I N. 811ln 11.4.11.
311.1 II 50111.41.1,., N.1II. p.s. u., N...nI 1..,l...
l...l (It SlIlU. Intel. (141
11111.411.. II NI)A

1145 I4..a..... Li..

£1114111,,. 14 11)5)

N. VIlIIl 1. 18117 I N. Mill., Sell..
hl.lnI (11111.. 4411.44 II,I4.,IilI M 7IlIIi.

5.1. 3.47 31.4.1.4 SOil,...
1403 I4,..(-. 411l05

314.1 1.11.11. C.4. CII. NI £14.41t1.. IA 11)))
tl44.4U. 4140

I N. 8. 5*4
N. 1.441. lIMlI IIIIli4 %.IllI
1411.11144 £111111 I. 044.11 4.8. Any ts.AtIS 4.4,1141.

1151 IIn,a. Li4.
InIlli... 135*5)) .14.2.4.44. 44 13)))

I Clfl.Iiih4SLtlnl*S I S,...I4I.S.,,l.41.
74,1414.1,. C..,I WIll,,
Ill (.11 ?llAI 5(11-As)

£4114 74.140
4.47 Ns,nI 141411.41

I3l.114114 41 N$..I C.. 1141 I4,,.... S..
31.,.. I. 41 1)31? #14.2.4,1.. Ia 1111

N. On. SIll.. I (1251.1.4) 1450
.44. 310. InS... 3114. 01,1. 11.411*15 5 tiI..41n.lt...l 4,154 I,.I 31.447,4 UI
C74iI. 4. 14441

UI..,l,.s... N.t.I.s
aIls. 4 44 b.. 04.4 84 MIII

N. 12111.. 8418.8
I..
l .101 -

31 311401 I S I C.....
U. 50$.. CA 14141

I..l*$A'. 44.)))II 12 30)11

Ce.AS11 all,..
I 13.4.4.., 313.5.

5. 5. 1144 St4IlI 50411... In IlIS. n4 50111... 1.11.1
6.1.1.4.. CA III)) 4..5..*4 - 81.111 NI....,

,a, , In
£341444.1.. IL 11)))

WlIl,.1.4. 141 Mt 14...
'2.7 14,1.51 8442.4I.t
1.2 31.4.. 4* 171)3 I

£l;jlJ"l'w*:)
tlI4.fl. C.. 75*4% 11 418. 41 34113

SSCIlflt
I 5 I.I 4. £1111.1

t.4l11I N..,...
SQ. 41185140(3
31.12. 20. TI 313))

St7Ptn.44IIl4Ct44l

I C.141)) 4111.. UI. NI..,.. NtnU....
114.1 $144011 1.4.,....?
C.. 1847 0111144 MI. 4. 30111

4. 01)10
I N. 148344. $130.4

74l.I.lIM
Iv..4I 4111..

2138115
4I,lI... all. II 1)131

5,4 III. 11.114. 0
(44 Set MInIIl 11115

I 5,. 74,.I S. 74t (1,11)
50 $14411.51. $111.4. N.I.II.
50011841$
4.44,1.38 0174431$tI flIt..

4181. 014.4 Mt...
311.1.1. It 01

I N. ,I I..4..,
1.41411.1 31.8118.

I WIll. .4 bI I.84.,,4
43.4)?

.1311451)
hula. 411.4.10131

010 5. 0.3147 MInI I N. It31 148.4,..,.,
l4Il44,I. 1111? 5. LII h4f
WIll. 84 N.1 ba.,.I
444.",

4*51111)
54.z,415. 14 MIII

NIl. 31,..? MI... 3 $S..4n fill..,
1411.514.. II 37711 440 7111*31731 14.1 Ii

h.,..l 5 7,.,,.. 141.8)11 I'.t.
IaStllS 218. II 114,1

53.44 1111 5411...fill,. Ii 51,43 N..Itt'
44,Iqi... 4. JIll) 3. stIlt.. Ct...4$
747410..'.. 148.l.. 41.1... (11)1)

IL_MI. 41118). 4.
43184.384 WIt..
1.41 1441 Ct.14 41.

50815... 1*11110

10144..'. CA IllS, 4 S8lIM £..681l1 III tI4.
fill.. 41 115311.1 41 NI'S )).t.lIn. Inn 50",.

(.48484.
040.4.4431.71.314.3 * 1441111 No.14 4111,. 4(31.11 *411.,.

5417.11))
ll*Iil,15. 31 11040

343 8. 311.0 14.
MlI,... 3111117

N. 4.4. 14It44.87 I N. 5131 8. 5.4.,
kIn.,,,, ,In) (4.05 14_I)
55, 315. *t C.,..

0.4 181. 4114 144.404 (..41.
lIlt 6j4 51.1

T121118l1It 4. 31)18 III. III.. CA *1)04

Cs,SOS I N. N... 55.8.5
Nn.Il... .1 (45*11) NI..,.

£ 0*1. 74nl.lqI,41 144.71% $11181

S. 5. 44.44 5014 (t4.Iflfllel?
Sod.fl .0,stIi
fl'.I.o. CA 14)0)

SlI%Il8iI. 4. 31)51
I N. C. I,.,.. 5.10.qn.

(lIst NI 1041 IC.

II 5.114.. t84I5lI 511.41.410044,"
(4_tI. MO..., 1411 4

I.t),I,7 12845 14.. 53
114.1.. MI N.
II... CI 83*?

11....4,I. 44 11111

81I 4. I 8.. 444507 (.414111

10Ii,? 041.1444 II) 71.1.1.. -
L4.. .131..II..
14115t.III.4 (III,IltlS.I TMII31Ifill,. all. 1.4.. 14. ....... IN?,...
I.,.... 41 1)711

l.A 0.4.87.4 5 l.8I...tI.. I 14. t. Ct.t..).t
S.., 1818. 114 h4tilI NI.. tt P'fl"l..I31oI%l. 4. 03131 (ef.qI....lI. 3111.t.l.?
InN 7lll.l4I. N 1431)

lM* 4115 84.4.
I N. 1.44 8. C.,t.Il

141.11.1.. *4 11)1. P.flI.ltl. UI

(1.11 4.4. *411 4(31. 44,41.11
$..l. 31I 11)4

N. I,... (.1,1.4 44.,,I III'. C 17411

I4.11.. - 50d...,
I fbI.. t, UI0,.

4.1151 11111110 41 I2..5lI.5
(3*4 III 14,01 S %l'Il8l.. 1411.

U.I..un. 45.131,4l%.l. 4. 34144 M ......

4lIIlI S. I...I.
1411.1 II) 5*1

1141.0_N (*41,( 4753%, 1473111 I N. 41111.. In..

5,. (flU. 50484 1.11.1 7474111.1?
44.4.48. $1150 SUIt...?81,11.41 1.111.4.1411...,..

1718 II,. 44.4.4 14
N 1)11)

l.4Il))lI. 4. 342.1 I N. 48,1.1114 311

5,. t, I. .13.4. U.flI. I S I C.....

14l118, Sl.n.I.. N.. ..n,n, .7 1II..81
.41 N4l4tfl

8111,1.1 Ills. IIn4.4l..
351518... 4....,

liii '*411. PA 1111)

4.4Il))50 4. 0*4)5
I N. 7t4l C, D.I..

N. (-111044.
14.1011 1.410*5 .4 I445lIl5
1300 1)44 44. 4.

130101.1*...
31.41,14 1353,. CA 51)1?

*I*l%I.., 4.2.0)) I N. 4111138 Cl.4n

N. 5. WllC 841111. NM,...., aC..p,'.. MISSMI.inl IlI,.tl7
I,..... 31.4.14.
.11210, 8440411% - 41111..?

14.41.14. CA 44)8)

fb14l. 11101.4,1.
803 $1.11 1.11 1214+1
£lfl..4,I4. I 37111

I N. £111.8. 4.11141
NIl 55,014 5 310511. I.,.

44 ,I. Mt44
N. 7.8.4 4lIl't

C..4t143.. 31 4.1)1

I. I. flIt.. .1 14.1.11,. I N. (711*. C..t
800441?I.,44.4.

4. 302*3
(SIC
50l5tI? 57 I''...

N. 1...fl 1. 74008.13l4.I.t
4103 II.,. 14.7lII5I. 74 1121)

1.4.17 I C..lI,. 74.......
18.1,1.1 140.0 (-3Cll I 1%..., I. (11.4411
114411.11.. 4. 354)8 I) (tIlls 3,4
4-Ca,

(00411.. II 1)140

I N. ,.lI1l I. C...l.,l
N. 4.1. I. *4'''.. 141.1... P,fl.I.8ft.l 0.4.41.11.4
Nfl.41 1474443317
C4,..41. Sll. *1.41.1,7

134$ 17.1 14180. 5.4.
W,.I45,I.. 1323411

14,44. 1)11)
I N. 1.41.11 5. Ct...

.4.,l... 14.5.4 8.. 11.5 0M 1415051.. 114.
4.14., In l5 14.4 II M.41i8
Ill (4Illll 8.4.41.1 44.)St

It. N..,.
II... IbISI). CA 51141

41 C.t'I NI,.
tbo$.l5, It 1)831 I N. I.a.el $14.43.

14.
0.5.',..., ( 74141.1.14
*l,.'.117 14 1111.11.

Nfl. II

1811011.7 84110.41 I,.,s'. It 4183I

(1.484,7 CI. Mt I N. 31.4.11 5.171..
IilI8d NM,,..., .4 IIll...)87

NI,s,'7 .4 CllIIn.I.
4.44.0*411.1411.4 SOlO.. ;:;,
8.41.05.1. 14 4.35
I 31flI.l.I4.l 50,41.11.1l t(-. 44.5 1141.1
Nfl.41 NI8. II.w WIIl)
C.I.II 11,1 411114. I UIC InlII.p'A0I,l.I,Il
(.44.,,. OCT 140. ll1s U)) 8.444 11.4*

N. 5.1.3.... NIUS.. S 3l
,.0fl7 IS IIII4. I N. 4. 5. I2o4..4q.st(p,'fl.5o4 I4.,,l 31.t.I US.

*4.4.. 3% 41111
Nfl. 1431. 4441. II

N.Il S.4I. 101101410 CL.

55. III. Sl44ll' 7..814 414
14. 84.11. 14 1)114

50l..l Il404tI (10111
*111.1 747414*473111 I N. II I....14.e

I) O.lOt 34.
CsIMlS' 0)111

Nfl. .4 C..4.. M11t
M_(..l NI*...,?

4.41444 14,14.74. CA $101

St. 74411.143114.4. I ..1ln* 7l.lnlNfl. 15744.1317
IIlt.117 .1 31.1.1

Nfl I.tn.* S b..a. II..
(05011.5 14.

_,_..I,, 151*
4.1.". (4 8614$

1.141144.. 15 43.10

N. 41.8.1. 1.111
I N. II... 4. 51.1.50.

24.4.044 N.l.tll N...tlI. 0.44..Nfl.I 14744.1.41
141,501,7 .1 P11.171041.

5.11. lOs
11$ IA.. *0 17MINI) 14ll.l IA. 7.)

11,1*10,.. PA 111$
828l5$l. 86 21411

I

N70.s. .4 43754.t MIA.4 C..

14018)1. CA 14)01
I N. 4144 5. 71.4)t11114

N. 41115 1117

4 (4111011. (.l4.44p.It (41)1

U. Spll. CA 11.1'

N. 114. I...
I N. 411.4. 7.1.4.44

Nfl. .1 7474Ilfl7MIllId 5414II
lHll7 84 4111*4

NI,.,.l7 .4 £11.t,.tAI.l1. LII....I.nI LI 58fl1 IsIL IC 307

IS 1148,1 5. II.,,... I N. 4. Ii.... 1414.14..
I..... ...c Nfl. .1 1474181317

11.1.......
5587 540443305045

NI,...4., I CIII ......

144 4t$l'.. CA In1
5841..41. 1411311

U*I4.8M1.441.l. 8444
WIlt. .13804 31.2.4.4
114.1*41150. $454.

*l'.,.I. 41 1l,,.4..II
1571 lbt 14.

8.813 731 151413115 1l,,.4..gI. I. 1111)

11. 1411 50748 N. nl. I. COolNM,,.,.. IS f4n14II
t3HtIU7 4 (.14.44.

III 554.. NIl
(115.11 5 .......

I..14... (4 11105 IIb24. 51 III))

(14. Nt 84.411 I N. I,..8 I. Sn..
404. 3144.7 45. NII 1.I,. A01t1.2.II.. 6.
5.00444
MIIS$I.l. 1. 11)1?

I. I. 8.. 415
14. 14.4.. 1413114

N. 0.48.3 lIlI
SoltI.l I .4$,S.5I l.4l.4),118

I N, hell II
NI,. Nt.I I 00. 1*.

50541.., In.41 84.11.48)41 *44.41.$I 'I (-It,. 44.
I0I
11201%

*1S4hl14.. $1151

N. 50.4 C. (A,.
I N.I.4,t,N,..

IlMt,...l 41 (057.4.) Ml4
4212

50.-f. l..t..,Il5tU 41 I4lI.4..4I
15131111.141,.,

31* N....8.I. 53 1.311
7,,ll4.III. 54 'Ill) I 47. 84,54,4 50,

N. lfl.44 4414
MUS 84 50.1111
I.,.l..4 Sl8t.I8INt.,..fll 747415*41 141.11.1, CA 14181

l.q... S 5141) I N. 4111 k.,.l.,g
14. Me.. I. $111...

fl.8l 141,1.1,1
.43. 50.14.1.1

Nfl. 41 1474151.81
l4.'fl.'.I l4N...,, II. 114. 7.2. 140111

31.31.... (1 0411*

(I..'. U,...,I). U.
'%. 58.1114,... II

I N. LAS... ken..
1.11 Nt,' I 31.5. I...
(3 llll 14,4,4

7.0. 5,. 1113 C..4$tlt.. 15 MIII
51*431414. II 44141

I N.T50.o.MI.l,
I N. 52,1 504 I41n8). SIll, tII. Nl.l

Nfl. 41 1474841311
51.s.Il3 .7*1.1.80. NIl. lflql k,,.l
8.4.111. It 4011 LI,....,I.. IA 11),,

II. 144.14 I. I..I. I 5014 I. M. 11.1.
bfl. 41 hnl.lq?
$11151.1.? 4? (.1,8.2.

bflI,ICAI,,..81.,
7454844 lfl'.l) N.

8..IOlt. 4. 04)83 $114... II 11'$l

t. NOd LA.t.4 I N. PslIlI IntIl31)4. .1 74I.$, 114411.4. 7tt In.41,.I M.1188 IlIl5l8l 41441....to.. 44 1)811
lI S80I MIS..

MI.lnd NI..$.II1
N.*ll.tIl...II 541*41.4. CA 44(5)

Nfl. .4 74741.1311 I N. 111*1 4.0.14.
*41,101? .1 C.Inl.
$1,141,. 38 04102

C..4.. 5.4.4 81.0.1.. 4104.4*
I.4.40n7

N. 1501,1 4. 121.1.81..
Ill Il4nII. IIl.t,I U8...8n
*l..t.I.7 41 11118.1.

1144$.. Wll,t
LI lt,l 7. 44.44 7..I,.

t*8. It 41861
415 7,1,1 414, 3 N. htI) 1121.1$.
50 3111, II 11111 114 liii C..,.
N. Mfl8 I...1 738*4814.

81.4, 3118. CA 31*05
1511.14 *4l5t.l7

I N. 0.4434, 31
3) 14.1I.,4 14.
C..*lllII. 31 41110

*1,51.1,7 41 I.. (1111.
NI..l.td 74.501317 84*4

11. IlI t4l5I
144) I. 14.4. *n.
S.4..l. IsnI. CA 10111III? Il SI..

7.144 lIPS,. 544..... Cl 10131 I N. 51.4,. 5. 0*14.11

N. SIll 1.411.
Nfl. .7 14741.131,l.4,..8 ll5tl7

Nfl. .1 IInl.l'*7
*11.. 0llI7 N32.I0. It Sill

13,1.5*11. II 1111) I N. 11,11,. 14.2..
(.5,... 1485.1 41 14.1141.1

N. LI,. Uo$.W t?n 110I117
$44'.*4 45844.4..
tell...,,? 41 11,144,141
P4I.l4.,fl 74 51138

31$ 1.1011511,11713114,(4t.. Ia 41110

N. 82,l..l (80,. I N. $1,415.I.,..
4* 1111141 1.11

III 1411.11,. N414118 lalflt.8.7 .1 82014(
l..t.I,7 II 11118.1.

0.),Ig.. 1114115
(1 1. 141St 84.5I5.I4I.. 11 0.))

N.lsfl8llln I N.C.,.1....Il...
11(40.4.. Ml..,. U4l(7 I4,.,flt,.I,. 5.4.
(4*1UIfl1,.,SIn. CI,tI.
11.4.. 231)074

110 401.1 414,
11.41455111.. (4 .1)1?

N. 42,,..., . N. 8.141 I. nl.lII.11I.I I2$+..lo.I44 I.It.,..l MIS., Nfl
III) 14... Ml.. 7.44I 111.1
8144.4. No.4. CA loll?

7,. I...C..,...,.,.
140 III8 14.

N. 14,014 4. 741,.'
U.,. 41110, CA 15405

S042ISO... k.4I,... .1 5050I. I N. *440 1. *...17
(IlflI54 144.1114.... 844
41) 1.411.1.., 44,...

14741.1447 Stfl.
l,.0II, 41 Il44

4.41114.. 31 11151 84.101.. 4.LI 84084
N. 51.40*. 11.1... I N. Dtl..... 48,84.0
1181145 NI'S....?
7.8. 5.4 843

Nfl. 84 tlfl'l.87
1.11.1.117 .1 11118.,.

11.111.4. 05*8)4? 0.1)404.. II 81444

N. .Is4$. IllAntIl. I N. S. (4,8.4 *.$tl
Il1l.I7 51 44111.1.14. NM...... 41 P,flI.I.7
1414. kflts.

Nfl. .1 74nI.l.7
1210. N,l.t.. CA 1)111

IlSlII7 .1 (.111.141.
U. o..l... CA 8-Il

I 5,. 11.41 5*11111. 0
11)1 I. 1435011 M5
44114411.. IA 11111

N.tU.t SIll... -
Nfl. .1 1474(2447
*1111.1,, .1 41.1041
501*'. 4. 5040

4
N. 14.0. I. 111.1.11
SIfl.14I*71151..?
1.1.14.1,, .1 NAn. 16

NAnl.4.l(lI5
N. 111.14. 81431740118
S'S SlAlOtI I Ins,. SIlt.
4117 04....8. NI,.
$1110., (4 1411$

N. 11.1 $111

.4. 117.1.. Nfl.
*4,St.l,. .4 CA4II..14.

CA 4471*

-
4

N. £1451. 55.,

I N. (Al.. I. 81(504 V8411 1.181.,..,..
*0445.181... '.s
50t 1111 IS 18114

N. OIlI.. 14425110 IU4

_+- 4!'

(3111800.5I S Ii
. j.+

IllI. (414484
CIl4.I.. II Ill)) ¶

_ 4 *

44101,11
1441,1 Mll. N01flS 1.0111
.4) 454.4 414, p0 . .jl'L"31,501,51 14144 e -i:.a

Cfll.$N.0.II I,.t.l,, 4 t2St
v;.? 74151317

fl.I4.,fl. 14 1811)

14(7)
0

I'

.4



CHIP Technical Report List

1. David M. Green and William J. McGill. On the equivalence of detection probabilities and well known statis-tical quantities. October, 1969.

2. Donald A. Norman. Comments on the information structure cf memory. October, 1969.
3. Norman H. Anderson. Functional measurement And psychophysical judgment. October, 1969.
4. James C. Shanteau. An additive decision-making model for seqt.ential estimation and inference judgments.

October, 1969.

5. Norman H. Anderson. Averaging model applied to the size-weight illusion. October, 1960.
6. N'-rman H. Anderson.and James C. Shanteau. Information integration in risky decision making. November, 1969.
7. George Handler, Richard H. Meltzer, Zena Pearlstone. The structure of recognition. Effects of list tagsand of acoustic and semantic confusion. November, 1969.
8. Dominic W. Massaro. Perceptual processes and forgetting in memory tasks. January, 1970.
9. Daniel Graboi. Searching for targets: The effects of specific practice. February, 1970.

10. James H. Patterson and David M. Green.
Discrimination c,f transient signals having identical energy spectra.February, 1970.

11. Donald A. Norman. temembrance of things past. June, 1970.
12. Norman H. Anderson, Integration theory and attitude change. August, 1970.
13. A.D. Baddeley and J.R. Ecob. Reaction time and short-term memory: A trace strength alternative to the high-speed exhaustive scanning hypothesis. November, 1970.
14. A.D. Baddeley, Retrieval rules and semantic coding in short-term memory. December, 1970.
15. Roy D. Patterson. Residue pitch as a function of the number and relative phase of the component sinusoids:March, 1971.

16. George Handler and Marilyn A. Borges. Effects of list differentiation, category membership and prior recallon recognition. May, 1971.

17. David E. Rumelhart, Peter H. Lindsay, and Donald A. Norman. A process model for long-term memory. May, 1971
18. David E. Rumelhart and Adele A. Abrahamson. Toward a theory of analogical reasoning. July, 1971.
19. Martin F. Kaplan. How response dispositions integrate with stimulus information. August, 1971.
20. Martin F. Kaplan and Norman H. Anderson. Comparison of information integration and reinforcement models forinterpersonal attraction. August, 1971.

21. David M. Green and R. Duncan Luce. Speed-accuracy tradeoff in auditory detection. September, 1971.
22. David h. Rumelhart. A multicomponent theory of confusion among briefly exposed alphabetic characters.

November, 1971.

23. Norman H. Anderson and Arthur J. Farkas. New light on order effects in attitude change. March, 1972.
24. Norman H. Anderson. Information integration theory: A brief survey. April, 1972.
25. Donald A. Norman. Memory, knowledge, and the answering of questions. May, 1972.
26. David J. Weiss. Averaging: An empirical validity criterion for magnitude estimation.

Norman H. Anderson. Cross-task validation of functional measurement. June, 1972.
27. David E. Rumelhart and Patricia Siple. The process of recognizing tachistoscopically presented words.August, 1972.

28. Ebbe B. Ebbesen and Richard Bowers. The effects of proportion of risky to conservative arguments in
group discussion on risky shift. September, 1972.

29. Ebbe B. Ebbesen and Michael Haney. Flirting with death: Variables affecting risk taking on our nation's
highways. September, 1972.

30. Norman H. Anderson. Algebraic models in perception. November, 1972.
31. Norman H. Anderson. Cognitive algebra: Information integration applied to social attribution. December,

1972.

32. Jean M. Mandler and Nancy L. Stein. Recall recognition of pictures by children as a function of organiza-
tion and of distractor similarity. January, 1973.

33. David E. Rumelhart and Donald A. Norman. Active semantic networks as a model of Hman memory.
Marc Eisenstadt and Yaakov Kareev. Towards a model of human game playing. June, t973.

34. George Mandler. Memory storage and retrieval: Some limits on the reach of attention and consciousness.
July, 1973.

35. Kent L. Norman. A method of maximum likelihood estimation for stimulus integration theory. August, 1973.
36. Yaakov Kareev. A model of human game playing. August, 1973.

37. Donald A. Norman. Cognitive organization and learning. August, 1973.

38. The Center for Human Information Processing: A Fiv, sear Report - 1968-73.



39. Larry D. Rosen and J. Edward Russo. Binary processing in multi-alternative choice. October, 1973.

40. Samuel Himmelfarb and Norman H. Anderson. Integration theory analysis of opinion attribution. December,

1973.

41. George Mandler. Consciousness: Respectable, useful, and probably necessary. March, 1974.

42. Norman H. Anderson. The problem of change-of-meaning. June. 1974.

43. Norman H. Anderson. Methods for studying information integration. June, 1974.

44. Norman H. Anderson. Basic experiments in person perception. June, 1974.

45. Norman H. Anderson. Algebraic models for information integration. June, 1974.

46. Ebbe B. Ebbesen and Vladimir J. Kongni. Cognitive algebra in legal decision making. September, 1974

47. Norman H. Anderson. Equity judgments as information integration.

Arthur J. Farkas and Norman H. Anderson. Input summation and equity summation in multi-cue equity judgments.

December, 1974.

48. George Mandler and Arthur Graesser II. Dimensional analysis and the locus of organization. January, 1975.

49. James L. McClelland. Preliminary letter identification in the perception of words and nonwords. April, 1975.

50. Donald A. Norman and Daniel G. Bobrow. On the role of active memory processes in perception and cognition.

May, 1975.

51. J. Edward Russo. The value of unit price information. An information processing analysis of point -of- purchase

decisions. June, 1975.

52. Elissa L. Newport. Motherese: The speech of mothers to young children. August, 1975.

53. Norman H. Anderson and Cheryl C. Graesser. An information integration analysis of attitude change in group

discussion. September, 1975.

54. Lynn A. Cooper. Demonstration of a mental analog of an external rotation.

Lynn A. Cooper and Peter Podgorny. Mental transformations and visual comparison processes: Effects of com-

plexity and similarity. October, 1975.

55. David E. Rumelhart and Andrew Ortony. The representation of knowledge in memory. January, 1976.

56. David E. Rumelhart. Toward an interactive model of reading. March, 1976.

57. Jean M. Mandler, Nancy S. Johnson, and Marsha DeForest. A structural analysis of stories and their recall:

From "Or.ce upon a time" to "Happily ever after". March, 1976.

5i David E. Rumelhart. Understanding and summarizing brief stories. April, 1976.

59. Lynn A. Cooper and Roger N. Shepard. Transformations on representations of objects in space. April, 1976.

60. George Mandler. Some attempts to study the rotation and reversal of integrated motor patterns. May, 1976.

61. Norman H. Anderson. Problems in using analysis of variance in balance theory. June, 1976.

62. Norman H. Anderson. Social perception and cognition. July, 1976.

63. David E. Rumelhart and Donald A. Norman. Accretion, tuning and restructuring: Three modes of learning.
August, 1976.

64. George Mandler. Memory research reconsidered: A critical view of traditional methods and distinctions.
September, 1976.

65. Norman H. Anderson and Michael D.
Michael D. Klitzner and Norman H.

proach. November, 1976.

66. Vladimir J. Kongni. Some social
in complexity. December, 1976.

Klitzner. Measurement of motivation.
Anderson. Motivation x expectancy x value: A functional measurement ap-

, emotional, and cognitive determinants of aesthetic preference for melodies

67. Hugh Mehan, Courtney B. Cazden, LaDonna Coles, Sue Fisher, Nick Maroules. The social organization of class-
room lessons. December, 1976.

67a. Hugh Mehan, Courtney B. Cazden, LaDonna Coles, Sue Fisher, Nick Maroules. Appendices to the social organiza-
tion of classroom lessons. December, 1976.

68. Norman H. Anderson. Integration theory applied to cognitive responses and attitudes. December, 1976.

69. Norman H. Anderson and Diane O. Cuneo. The height + width rule in children's judgments of quantity. June,
1977.

Norman H. Anderson and Clifford H. Butzin. Children's judgments of equity. June, 1977.

70. 'anald R. Gentner and Dor.ald A. Norman. The FLOW tutor: Schemas for tutoring. June, 1977.

71. George Mandler. Organization and repetition: An extension of organizational principles with special reference
to rote learning. May, 1977.

72. Manuel Leon. Coordination of intent and consequence information in children's moral judgements. August, 1977.

73. Ted Supalla and Elissa L. Newport. How many seats in a chair? The derivation of nouns and verbs in American
Sign Language. November, 1977.

74. Donald A. Norman and Daniel G. Bobrow. Descriptions: A basis for memory acquisition and retrieval. November,
1977.



75. Michael D. Williams. The process of retrieval from very long term memory. September, 1978.

76. Jean M. Mandler. Categorical and schematic organization in memory. October, 1978.

77. James L. McClelland. On time relations of mental processes: A framework for analyzing processes in cascade.

October, 1978.

78. Jean M. Mandler and Marsha DeForest. Developmental invariance in story recall. November, 1978.

Jean M. Mandler, Sylvia Scribner, Michael Cole, and Marsha DeForest. Cross-cultural invariance in story

recall. November, 1978.

79. David E. Rumelhart. Schemata: The building blocks of cognition. December, 1978.

80. Nancy S. Johnson and Jean M. Mandler. A tale of two structures: Underlying and surface forms in stories.

January, 1979.

81. David E. Rumelhart. Analogical processes and procedural representations. February, 1979.

82. Ross A. Bott. A study of complex learning: Theory and methodologies. March, 1979.

83. Laboratory of Comparative Human Cognition. Toward a unified approach to problems of culture and cognition.

May, 1979.

84. George Mandler and Lawrence W. Barsalou. Steady state memory: What does the one-shot experiment assess?

May, 1979.

8S. Norman H. Anderson. Introduction to cognitive algebra. June, 1979.

86. Edited by Michael Cole, Edwin Hutchins, James Levin and Naomi Miyake. Naturalistic problem solving and

microcomputers. Report of a Conference. June, 1979.

87. Donald A. Norman. Twelve issues for cognitive science. October, 1979.

88. Donald A. Norman. Slips of the mind and an outline for a theory of action. November, 1979.

89. The Center for Human Information Processing: A Description and a Five-Year Report (1974-1979). November,

1979.

90. Michael Cole and Peg Griffin. Cultural amplifiers reconsidered. December, 1979.

91. James L. McClelland and David E. Rumelhart. An interactive activation model of the effect of context in

perception. Part I. April, 1980.

92. James L. McClelland and J.K. O'Regan. The role of expectations in the use of peripheral visual information
in reading. February, 1980.

93. Edwin Hutchins. Conceptual structures of Caroline Island navigation. May, 1980.

94. Friedrich Wilkening and Norman H. Anderson. Comparison of two rule assessment methodologies for studying
cognitive development. June, 1980.

95. David E. Rumelhart and James L. McClelland. An interactive activation model of the effect of context in

perception. Part II. August, 1980.

96. Jean M. Mandler. Structural invariants in development. September, 1980.

97. David E. Rumelhart and Donald A. Norman. Analogical processes 'n learning. October, 1980.

98. James A. Levin and Yaakov Kareev. Personal computers and education: The challenge to schools. November,
1980

99. Donald A. Norman and Tim Shallice. Attention to action: Willed and automatic control of behavior.
December, 1980.

100. David E. Rumelhart. Understanding understanding. January, 1981.

101. George Mandler. The structure of value: Accounting for taste. May, 1981.

102. David E. Rumelhart and Donald A. Norman. Simulating a skilled typist: A study of skilled cognitive-motor
performance. May, 1981.

103. Jean M. Mandler. Representation. June, 1981.

104. Donald R. Gentner. Skilled Finger Movements in Typing. July, 1981.

Note: Requests for CHIP reports should be addressed to the author. Reports are also available through the
Library Loan Service of the University of California, San Diego, La Jolla, California 92093.


